The effect of Pt loading on graphene nanosheets (GNS) at electrode catalyst fuel cell was carried out. The purpose of this research is to know the effect of Pt loading on GNS and support material for catalytic activity of Pt/GNS. The results show 20 wt % Pt/GNS is highest catalytic activity among the others and the catalytic activity of Pt on GNS is higher than that of Pt on carbon black (CB) commercial catalyst. A core level shift of Pt 4f in XPS indicates that Pt is chemically interacted with GNS. It has been ascribed to the difference in the interface interaction between Pt and graphene via different strength of the δ-d hybridization.
supported on carbon black (Pt/CB) are most used for ORR catalysts. It has outstanding catalytic and electrical properties and superior resistant characteristics to corrosion. 4 Therefore, much of the art and science of catalysts development for the ORR rely on both the fundamental understanding of the reaction at the Pt electrolyte interface and the optimization of the catalytic properties of the Pt surface. 5 However, Pt price is expensive and also it is limited natural resources. 6 So, it is a prerequisite to decrease the usage of Pt and enhance the catalytic activity of Pt in order to achieve a competitive low cost of fuel cell.
The catalyst support materials exhibit great influence on the cost, performance, and durability of PEMFC. For instance, carbon-supported precious metal nanoparticles (e.g., Pt, Au, Pd, and Rh) are widely used in heterogeneous catalysis and electrocatalysis. 7 The support materials are necessary to obtain a high dispersion, narrow distribution of Pt and Pt-alloy nanoparticles and also can interplay with catalytic metals, which is the prerequisite to obtain the high catalytic performance of catalysts. 1 Commonly, the catalyst support materials require high specific surface area, high conductivity, low combustive reactivity under both dry and humid air conditions at low temperatures (150 o C or less), high electrochemical stability under fuel cell operating conditions, easy to recover Pt in the used catalyst, 1, 8 and the interaction between catalytic metals and the support materials. 9 This is because the interaction between the support and metal catalyst can modify the electronic structure of catalytic metals which in turn changes the catalytic activity. 10 . However, the weak interaction between metal and carbon supports results in a severe sintering/agglomeration of catalytic metal nanoparticles and consequently decreases the active surface area, which leads to the degradation of performance under long-term operations. 7 Many researchers have reported novel carbon support materials, such as carbon nanohorns, 11 carbon nanocoils, 12 carbon nanotubes (CNT), 13 graphite nanofibers (GNFs), 14 and carbon black 15 for PEMFC applications. Some papers also reported that nitrogen-doped carbon nanotubes (N-CNT) with metal catalysts or without metals on them show enhancement catalytic activity toward ORR. 16 They showed promising results toward fuel cell electrode reactions: ORR and methanol oxidation reaction (MOR). But, in term of activity, cost and durability, current catalysts can still not satisfy the requirements of target PEMFC. 17 Therefore, many efforts are still necessary to find the novel catalytic metals and support materials.
Graphene sheets, a two-dimensional carbon material with single (or a few) atomic layer has attracted great attention for both fundamental science and applied research. This is caused it has large surface area (2630 m 2 g -1
), 18 and high carrier mobility (10 4 cm 2 V -1 s -1 at room temperature). 19 Recently, graphene as a supporting material for Pt catalyst are believed to improve catalytic activity for hydrogen oxidation reaction (HOR) and methanol oxidation reaction (MOR). However, the controversial results regarding the ORR activity for Pt/GNS compare to Pt/CB commercial catalyst. Moreover, fuel cell tests with Pt/GNS catalysts as cathode materials showed a considerably lower performance than that of the cell with Pt/CB as cathode catalyst. 20 In this paper, we studied the effect of Pt loading on GNS for hydrogen fuel cell. We focus about the ORR catalytic activity of Pt/GNS, it is caused the ORR at the cathode of fuel cells plays a key role in controlling the performance of a fuel cell, and the efficiency of ORR electrocatalysts are essential for fuel cells practical applications. 21 
ExPERIMENTAL

Preparation of graphene and, Pt/GNS catalysts
Graphene was prepared by the oxidation of graphite powder using the modified Hummers method. 22 Briefly, graphite powder (0.2 g) (C (98 %), particle size 45 ìm, Wako Pure Chemical Industries, Ltd.) and sodium nitrate (NaNO 3 ) (0.16 g) were first stirred in concentrated sulphuric acid (95 wt % H 2 SO 4 ) (6.7 mL) for 2 h while being cooled in an ice water bath. Then, potassium permanganate (KMnO 4 ) (0.9 g) was gradually added to form a new mixture. After 4 h in an ice water bath, the mixture was allowed to stand for 48 h at room temperature with gentle stirring. Thereafter, 20 mL of 5 wt % H 2 SO 4 aqueous solution was added into the above mixture over 1 h with stirring. Then, 0.5 mL of H 2 O 2 (30 wt % aqueous solution) was also added to the above liquid and the mixture was stirred for 2 h. After that, 20 mL of 3 wt % H 2 SO 4 /0.5 wt % H 2 O 2 solutions was added into suspension and centrifuged (3000 rpm, 1 h). Subsequently, the product was dispersed in water and ultrasonicated for 5 h. This process affords material of oxidized graphene nanosheets (OGS). 23 Finally, the OGS were reduced with hydrazine hydrate at room temperature for 48 h. This product was filtered and washed with distilled water and dried in air at RT for 24 h. The as-received powder is the so-called graphene nano sheets (GNS). The detail characterization of GNS can be seen in reference as we reported previously. 24 To prepare 10-70 wt % Pt/GNS catalysts, the calculated amount of Pt precursor H 2 PtCl 6 . 6H 2 O (Alfa Aesar, A Johnson Matthey Company) were dissolved in 50 mL ethanol. Subsequently, each of ethanol solution of the precursor was mixed with ethanol solution of GNS. After stirring solution for 3 h, each of the products was collected by filtration and dried in air at 60 o C for 12 h. Each of them was then reduced by a hydrogen stream 25 mL/min at 400 o C for 2 h in a furnace. Finally, the catalysts were collected and denoted as 10-70 wt % Pt/GNS catalysts. The amount of Pt on GNS was measured by thermogravimetric/differential thermal analysis (TG/DTA) (see in reference 25). This data shows that the Pt atoms of the catalyst precursor are well deposited on GNS.
Then, the 10-70 wt % Pt/GNS were c h a r a c t e r i z e d X P S a n d e l e c t r o c h e m i c a l measurement. XPS measurements were carried out using JEOL JPS 9010 TR (X-ray source Al Ká, 1486.6 eV; pass energy 50 eV, energy resolution 1.88 eV which was calibrated using Ag 3d 5/2 by measuring a clean Ag sample, the uncertainty of binding energy ± 0.05 eV). TEM (JEOL JEM-1400 electron microscope was operated at 80 kV, resolution lattice image 0.20 nm, and resolution point image 0.38 nm. TG/DTA measurements were carried out using TG/DTA6300, Seiko Instruments 
Electrochemical measurement
The ORR activities of GNS and 10-70 wt % Pt/GNS catalysts, respectively were assessed by using cyclic voltammetry (CV), and rotating ring disk electrode (RRDE) (PGSTAT PG12, AUTOLAB Potensiostat/Galvanostat) measurements in 0.1 M The CV measurement was carried out by using a typical three-electrode systems consist of a working electrode (glassy carbon), a Pt wire as a counter electrode, and a reversible hydrogen electrode (RHE) as a reference electrode. All measurements were performed at room temperature (<"25 o C) using a fresh electrolyte solution (0.1 M HClO 4 , Sigma-Aldrich). First, the catalyst on the working electrode was purged by bubbling nitrogen (N 2 ) gas at 200 mL min "1 through 0.1 M HClO 4 for 20 minutes. Then, it was scanned at 0.05-1.0 V versus RHE for 50 cycles with scan rate 10 mV s -1 and rotation rate 500 rpm in N 2 to eliminate contaminant and de-oxygenates the environment. After that, the saturation gas was switched to oxygen (O 2 ) for RRDE measurement, and the electrolyte was saturated for the same condition as CV measurement. The RRDE polarization curves were obtained at 0.05-1.0 V versus RHE with scan rate 10 mV s "1 in O 2 saturated 0.1 M HClO 4 .The commercial catalysts of 20 and 40 wt % Pt/carbon black (CB) (Johnson Matthey) were used as comparison.
RESULTS ANd dISCUSSION
ORR of 10-70 wt % Pt/GNS, and Pt/Cb commercial catalysts Figure 1a and b shows the ORR polarization curves and ORR catalytic activity for 10-70 wt % Pt/GNS and 20 and 40 wt % Pt/CB commercial catalysts, respectively. In the case of 10, 15 and 20 wt % Pt/GNS, catalysts, the ORR catalytic activity increases with increasing Pt amount on GNS (0.93 to 0.99 V versus RHE). Then, the ORR catalytic activity gradually decreases with increasing Pt amount on GNS for 25-70 wt % Pt/GNS. Their Onset potential (V) versus RHE onset potentials are decreased from 0.99 to 0.85 V versus RHE for 25-70 wt % Pt/GNS. It indicates that the ORR activities tend to decrease with increasing Pt particle size (Figure 1b) . The current density was measured at 0.9 V versus RHE for 10-70 wt % Pt/GNS and 20 and 40 wt % Pt/CB commercial catalysts are shown in Figure 2 . In the case of 10-20 wt % Pt/GNS catalysts, the current densities increase with increasing Pt amount (0.03 to 0.9 V versus RHE). Then, their current densities decrease with increasing Pt amount for 25-70 wt % Pt/GNS catalysts. It is also consistent with the ORR data. These data indicate that Pt particle size affects the ORR activity for Pt/GNS catalysts. Interestingly, 20 wt % Pt/GNS catalyst shows the higher ORR catalytic activity than 20 wt % Pt/CB commercial catalyst. The 20 wt % Pt/GNS exhibits the highest ORR activity from its onset potential (0.99 V versus RHE) and half wave potential (E 1/2 H" 0.88 V versus RHE) among the other catalysts. This is also consistent with its current density 0.9 to 0.4 mA cm -2 measured at 0.9 V versus RHE, for 20 wt % Pt/GNS and Pt/CB, respectively. This is a good new where the GNS is better than CB as a supporting material for cathode catalyst. with increasing Pt particle size. In addition, the BE of Pt on Pt/CB is close to the bulk Pt (71.2 eV), 26 indicating the weak interaction between Pt and CB. Interestingly, the BEs of Pt on Pt/GNS shifts to higher binding energy compare to Pt/CB. It indicates that the strong interaction between Pt and GNS. Therefore, the GNS can be expected to modify the Pt electronic structure. The relationship between Pt binding energy and ORR catalytic activity for 10-70 wt % Pt/GNS and 20 and 40 wt % Pt/CB commercial catalysts is shown in Figure 4 . It clearly shows that the Pt binding energy is linearly related to onset potential. This data also consistent with Pt binding energy versus current density ( Figure 5 ).These data indicate that the strong interaction between Pt and GNS, probably ð-d interaction may affect the oxygen reduction catalytic activity. The 20 wt % Pt/ GNS catalyst is very special because it has highest the ORR catalytic activity among the others. It is possible due to in this catalyst condition, the optimum condition for oxygen reduction can be obtained.
CONCLUSIONS
In this study, we used GNS as a support material to deposited Pt particles in order to investigate the support material effect for ORR activity. We found that the ORR activity of Pt/GNS is higher than Pt/CB commercial catalyst. It indicates that the Pt electronic structure is modified by GNS. Therefore, the GNS as supporting material is better than CB for properties of Pt catalysts.
